Hip mobility is a clinically meaningful driver of pain reduction in CNLBP:
Evidence from IMUs and Markerless Systems Analysis — A Pilot Study

Background: Chronic nonspecific low back pain (CNLBP) is associated with altered
lumbopelvic mechanics and reduced hip mobility [1,2]. Although hip motion deficits have
been linked to persistent symptoms [3], the relationship between changes in hip flexion
and clinical outcomes during rehabilitation remains incompletely understood. In parallel,
markerless motion capture systems have emerged as accessible tools for movement
assessment [4], although their agreement with established clinical measurement
approaches requires further investigation.

Objective: To investigate the association between changes in active hip flexion and
pain intensity during rehabilitation in individuals with CNLBP and to examine the
agreement between a machine learning—based markerless motion capture system and
inertial measurement units (IMUs).

Methods: Eleven participants with CNLBP completed a 6-week therapeutic exercise
program. Hip flexion at symptom onset was assessed longitudinally in a standardized
supine position using IMUs [5,6] and a markerless motion capture system [7]. Pain
intensity was recorded using the Visual Analog Scale (VAS). Associations between
biomechanical and clinical changes were examined using correlation analyses, while
agreement between measurement systems was assessed using Bland—Altman
analysis.

Results: Hip flexion increased over the rehabilitation period, accompanied by
reductions in pain intensity. Strong agreement was observed between markerless and
IMU-derived measurements (r = 0.85). Bland—Altman analysis demonstrated a small
systematic underestimation of hip flexion by the markerless system (bias = —3.44°; limits
of agreement: —9.71° to 2.32°). Improvements in hip flexion were moderately associated
with reductions in pain for both markerless-derived (r = —0.54) and IMU-derived
measurements (r = -0.59).

Discussion: The findings suggest that improvements in symptom-provoking hip flexion
may be associated with reductions in pain during rehabilitation in individuals with
CNLBP [8]. Furthermore, the markerless system demonstrated the ability to detect
clinically relevant movement changes while showing acceptable agreement with IMU-
derived measurements [9]. These findings support the potential clinical utility of both
technologies for longitudinal movement assessment in rehabilitation settings [4,9,10].

Limitations: The pilot design, small sample size, absence of a control group, and lack
of comparison with a laboratory-based optical motion capture system limit the
generalizability of the findings.



Conclusions: This pilot study supports the feasibility of integrating objective motion
analysis into CNLBP rehabilitation. Future studies involving larger cohorts, control
groups, and laboratory-based reference systems are warranted to further investigate the
clinical relevance of hip mobility changes and the applicability of markerless motion
capture technologies.

References:
1. Waddell, G. (2004). The back pain revolution (2nd ed.). Churchill Livingstone.

2. Kim, S. H., Kwon, O. Y., Yi, C. H,, Cynn, H. S., Ha, S. M., &amp; Park, K. N. (2014).
Lumbopelvic motion during seated hip flexion in subjects with low-back pain
accompanying limited hip flexion. European Spine Journal, 23(1), 142—148.
https://doi.org/10.1007/s00586- 013-2973-4

3. Benfanti, T., Brumitt, J., Matheson, J., &amp; Meira, E. P. (2017). Hip and lumbar
spine physical examination findings in people presenting with low back pain, with or
without lower extremity pain. Journal of Orthopaedic &amp; Sports Physical Therapy,
47(4), 233—-241. https://doi.org/10.2519/jospt.2017.6735

4. Trinidad-Fernandez, M., Cuesta-Vargas, A., Vaes, P,, et al. (2021). Human motion
capture for movement limitation analysis using an RGB-D camera in spondyloarthritis: A
validation study. Medical &amp; Biological Engineering &amp; Computing, 59(10),
2127-2137. https://doi.org/10.1007/s11517-021 02406-x

5. Tsirmpini, N. M., Foti, E., Triantafyllou, A., Kyriakidou, M., Gkrilias, P., &amp;
Papagiannis, G.(2025). Quantitative data to evaluate clinical Pilates efficacy in chronic
low back pain using inertial measurement units. Engineering Proceedings, 81(1), 15.
https://doi.org/10.3390/engproc2025081015

6. Triantafyllou, A., Papagiannis, G., Stasi, S., Gkrilias, P., Kyriakidou, M.,
Kampouroglou, E., Skouras, A.-Z., Tsolakis, C., Georgoudis, G., Savvidou, O., et al.
(2023). Lumbar kinematics assessment of patients with chronic low back pain in three
bridge tests using miniaturized sensors. Bioengineering, 10(3), 339.
https://doi.org/10.3390/bioengineering10030339

7. Papagiannis, G., Triantafyllou, A., Yiannopoulou, K. G., Georgoudis, G., Kyriakidou,
M., Gkrilias, P., Skouras, A. Z., Bega, X., Stasinopoulos, D., Matsopoulos, G., et al.
(2024). Hand dexterities assessment in stroke patients based on augmented reality and
machine learning through a box and block test. Scientific Reports, 14, 10598.
https://doi.org/10.1038/s41598-024-60578-5

8. Wong, T. K. T., &amp; Lee, R. Y. W. (2004). Effects of low back pain on the
relationship between the movements of the lumbar spine and hip. Human Movement
Science, 23(1), 21-34. https://doi.org/10.1016/j.humov.2004.03.004



9. Song, K., Hullfish, T. J., Scattone Silva, R., Silbernagel, K. G., &amp; Baxter, J. R.
(2023). Markerless motion capture estimates of lower extremity kinematics and kinetics
are comparable to marker-based across eight movements. Journal of Biomechanics,
157, 111751. https://doi.org/10.1016/j.jbiomech.2023.111751

10. Auer, S., Sul3, F., &amp; Dendorfer, S. (2024). Using markerless motion capture and
musculoskeletal models: An evaluation of joint kinematics. Technology and Health Care,
32(5), 3433—-3442. https://doi.org/10.3233/THC-240202



